Objectives: To compare mean birth weights, gestational ages and odds of preterm birth and low birth weight of live singleton babies of black African or Caribbean ethnicity born in 2005 or 2006 by mother's country of birth. Design: Secondary analysis of data from linked birth registration and NHS Numbers for Babies data set. Setting: Births to women in England and Wales in 2005 and 2006.
The most complete source of national perinatal data for England and Wales is derived from the civil registration of births and deaths, with data recorded at the registration of deaths of people born from 1993 onwards being routinely linked to data recorded when their births were registered. 1 The data items include socio-demographic data about the parents, including their ages, occupations and countries of birth and their babies' sex and birth weight but not gestational age and ethnicity.
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ARTICLE SUMMARY
Article focus -To analyse birth weight and gestational age for babies of African ethnicity born in England and Wales by grouping mothers' countries of birth to see if these differed between groups of African countries. -To compare the mean birth weight and gestational age and the odds of preterm birth and low birth weight of live singleton babies of black African or Caribbean ethnicity whose mothers were born in the UK with those whose mothers were born in Caribbean countries or in groups of African countries.
Key messages
-Using linked national data on live singleton births in England and Wales enabled African country groups to be subdivided into regions to assess heterogeneity within the African ethnic group. This showed differences between birth weights and gestational ages for babies of women born in Africa or the Caribbean compared with babies of women of the same ethnicities born in the UK.
Strengths and limitations of this study -Using routinely collected national data enabled analyses of large numbers of births. -Data linkage of birth registration to the NHS Numbers for Babies data set made it possible to analyse birth weight and gestational age by mother's country of birth and baby's ethnicity. -Some potential confounders such as parity, smoking, length of residence were not available in the data set as this information is not routinely collected at birth registration or notification.
The opportunity to obtain data about gestational age came about when the system for allocating babies' NHS numbers, a unique identifier, was changed. As part of this new birth notification process, a small set of data, the NHS Numbers for Babies (NN4B) data set, is recorded, and this includes gestational age and the baby's ethnicity. 2 This provided the opportunity to acquire these additional variables for use at a national level via linkage to the birth registration data set. This linkage was successfully piloted using data for 2005 and has now become a routine component in the processing of birth data by the Office for National Statistics (ONS). 3 The baby's ethnicity in the NN4B data set is coded according to a classification devised for use in the Census of Population and other official records from 1991 onwards and updated for subsequent censuses. Although parents' countries of birth are recorded at birth registration and show that the proportion of live births to women born outside the UK rose from 13.6% in 1998 to 25.1% in 2010, 4 neither the parents' nor their babies' ethnicity are recorded. Preliminary analysis of gestational age data for 2005 showed that the distributions of gestational age and birth weight varied by ethnic group in England and Wales with babies of white British ethnicity being heavier and more likely to be born at term. 5 In particular, it showed high rates of preterm birth among babies of Caribbean ethnicity but apparently not among those of black African ethnicity.
This was surprising, as a study of live births from 1983 to 2001 in England and Wales by mother's country of birth found that mothers born in East Africa, India, Pakistan and Bangladesh had the highest proportion of low birth weight babies, while mothers born in the Caribbean and West Africa had the highest proportion of very low birth weight babies. 6 This suggested that these groups of women might have high rates of preterm and very preterm birth seen in data from the USA and elsewhere. 7e10 As many women of African ethnicity giving birth in England and Wales were born outside the UK, the linked data set offered the possibility of more detailed analyses of gestational age and birth weight of babies of African ethnicity according to their mother's countries of birth. The first aim of this study was to analyse birth weight and gestational age data of babies of African ethnicity by groups of mothers' countries of birth to see if these differed between groups of African countries.
Questions have also been raised as to whether babies whose mothers were born in the UK have better or worse outcomes than babies of the same ethnicity whose mothers were born outside the UK. To explore this question, birth weights of babies of South Asian ethnicity born in 2005 and 2006 were subsequently analysed in greater detail. This showed that the mean birth weight of babies of South Asian ethnicities whose mothers were born in England and Wales was no higher than that of babies whose mothers were born in the Indian subcon-tinent. 11 There was no corresponding analysis for babies of black African and Caribbean ethnicity, however.
The second aim of this study was therefore to fill this gap by doing a similar analysis for these babies. It compared the mean birth weight and gestational age and the odds of preterm birth and low birth weight of live singleton babies of black African or Caribbean ethnicity whose mothers were born in the UK with those whose mothers were born in Caribbean countries or in groups of African countries. An overall comparison was made with white British babies whose mothers were born in the UK.
METHODS Data
The analysis used national data about births in England and Wales from two sources. The first source was civil birth registration, which records social and demographic information, such as the mother's country of birth. Birth weight is collected through notification of births and provided to the local registrar of births and deaths to be added to data recorded at birth registration. The second is the NN4B data set, which is generated when the NHS Number, a national unique patient identifier, is issued. Since 2002, an electronic notification of each birth has been sent to the Central Issuing System so that the NHS number for the baby can be generated and a small set of data recorded about the birth. This includes the gestational age at birth and the baby's ethnicity. Gestational age in the NN4B data is recorded in weeks, calculated from relevant menstrual data held within the maternity system. 2 In 2005, the ONS started receiving a subset of the variables from this data set so that linkage with birth registration could be piloted. 3 As described in detail elsewhere, birth registration and NN4B data sets were first linked for the year 2005. 3 12 From 2006 onwards, ONS has linked these data routinely.
Data for 2005 and 2006 were combined to give a larger data set for the analysis.
Variables used in the analysis Birth status (live or stillbirth), multiplicity (singleton or multiple birth), mother's age at delivery and country of birth, and baby's sex and birth weight were taken from birth registration data. Gestational age and baby's ethnicity were taken from the NN4B data set.
Mothers' countries of birth were grouped according to the United Nations Statistics Division-Standard Country and Area Codes Classification. 13 The country groups were Eastern Africa, Northern Africa, Southern Africa, Western Africa, Middle Africa, Caribbean and the UK and are defined in table 1. For mothers born in the UK, the ONS country group classification was used. 14 
Statistical analysis
The analyses were based on live singleton births only. Means, 95% CIs of mean birth weight and gestational age were calculated for each of the ethnic groups, crosstabulated by mother's country of birth. Multiple regression was used to adjust for mothers' age at delivery, babies' sex and gestational age in the birth weight analysis and for babies' sex and mothers' age at delivery in the gestational age analysis. The assumptions of multiple regression, that is, lack of multicollinearity among the independent variables and normality and linearity of residuals were assessed.
Percentages of low birth weight and preterm births were calculated. Logistic regression was performed to look at odds of preterm birth and low birth weight adjusted for the available confounders. The Hosmer and Lemeshow test was used to assess the goodness of fit of the models.
Analyses of both mean gestational age and rates of preterm birth were carried out twice. The first analysis excluded births occurring before 22 weeks of gestation with birth weights over 1000 g This was based on earlier work that had found that in this instance either gestational age or birth weight or both were wrongly recorded. 15 The second analysis was based on all births. Analyses were carried out using SPSS V.17. The results of the analysis that excluded births reported as occurring before 22 weeks of gestation with birth weights over 1000 g are shown here, but both analyses showed very similar results.
RESULTS

Completeness and data quality
Overall differences between ethnic groups Caribbean babies had the lowest mean birth weight and gestational age and the highest percentages of preterm births and low birth weights, whereas white British babies had the highest mean birth weight and gestational age and the lowest percentages of low birth weight and preterm birth (table 2) .
Differences in babies with mothers born in Africa
Babies of mothers born in Middle Africa had the highest mean birth weight among babies of mothers born in Africa. Mothers who were born in Middle and Western Africa had babies of significantly higher mean birth weight than babies of mothers born in Eastern, Northern and Southern Africa.
Babies of mothers born in Eastern Africa had significantly higher mean gestational age than those born in Middle, Southern or Western Africa.
Ethnicity and mother's country of birth
White British babies with UK-born mothers had significantly higher mean birth weights and gestational ages and lower percentages of low birth weights than babies of African and Caribbean ethnicities whose mothers were born in the UK, Africa or the Caribbean (table 3) . 
Babies of Caribbean ethnicity
Babies of Caribbean ethnicity with Caribbean-born mothers had a higher mean birth weight and a lower percentage of low birth weight than Caribbean babies with the UK-born mothers (table 3) . This remained significant after adjustment ( figure 1A) . The odds of having a low birth weight baby were higher among UK-born mothers compared with Caribbean-born mothers (table 4) . No significant differences were observed between the two groups in mean gestational age and odds of preterm birth.
Babies of African ethnicity
Mean birth weight was significantly lower for babies whose mothers were born in the UK than for those born in Eastern, Northern or Western Africa (table 3) . After adjustment, however, mean birth weights of African babies whose mothers were born in Middle or Western Africa were found to be significantly higher than those born in the UK. The odds of having a low birth weight baby were lower for babies with mothers born in these two regions compared with those with the UK-born mothers.
Babies of African ethnicity with mothers born in Eastern and Northern Africa had significantly higher mean gestational age and the mother had lower odds of preterm birth compared with babies of mothers born in the UK both before (table 3) and after adjusting for confounders ( figure 1B, table 4 ). Mothers born in Western Africa had the highest percentage of preterm births, but mothers born in Middle Africa had the highest percentage of very preterm births (table 3) .
DISCUSSION
This is the first time that birth weights and gestational ages of babies of African and Caribbean ethnicity born in England and Wales have been analysed at a national level by their mother's country of birth.
In the Millennium Cohort Study, singleton black Caribbean and black African babies were more likely than white British babies to be of low birth weight. As these data were recorded at interviews with parents when their children were around 9e10 months old, babies who were stillborn or died in the early months after live birth were not included. 16 Another study using the linked data showed that white British babies had better birth outcomes compared with other ethnic groups. 5 A study based on the ONS Longitudinal Study, a representative sample of the population of England and Wales, found no significant differences in mean birth weights between the UK-born babies of black Caribbean and black African origin and corresponding migrant mothers. 17 The ONS Longitudinal Study is based on a 1% sample so numbers of births to mothers born in Africa were too small to subdivide to look at births by specific regions of Africa. Our study, in which we subdivided Africa into regions using a classification based on some common factors such as historical and cultural ancestry, 6 showed how aggregation can mask heterogeneity within African ethnicity. However, it was not possible to classify mothers born in the UK by their parents' country of origin in order to identify those originating from different parts of Africa and the Caribbean, as information about their own parents was not available. There is some uncertainty about the recording of the ethnic group in the NN4B data set as the system requests information on the ethnic category of the baby as defined by the mother using the 2001 Census categories. 2 It is unclear whether mothers or health professionals define the ethnic category. In addition, although the ethnic group of the baby is requested in NN4B, there might be occasions when the mother's ethnic group is actually recorded. Subsequent linkage with Maternity Hospital Episode Statistics data set, which contained data about mother's ethnicity, suggests that ethnicity recorded in the NN4B data is of the mother's rather than the baby. 18 Furthermore, people's identification with an ethnic group is not always straightforward and individual responses, whether self-reported or not, may vary according to circumstances and over time.
Gestational age is not recorded at registration of live births but is available from the NN4B data. Accuracy of recording of gestational age is important. 19 Information on the exact method of assessment of gestational age is not recorded on NN4B records. It could be based on time from the first day of the last menstrual period (LMP) 20 or assessed by ultrasound because second trimester scans are now a routine part of antenatal assessment in Britain. Linkage of birth registration and NN4B linked data to Maternity HES shows good agreement between gestational age from NN4B and Maternity HES, with only 7% of linked records differing by 1 week. This suggests the method used by Maternity HES, which is time from first day of LMP, is used in NN4B. Gestational age distributions have been shown to differ depending on the method used to assess gestational age, and it has been shown that if second trimester ultrasound is used rather than LMP, then the mean gestational age is around 1 week less, the percentage of preterm births slightly higher and that of post-term births lower. 21e23 Routine analysis of the data collected at birth registration shows that birth weight distributions vary by gestational age, maternal age, sex of the baby, marital status and father's socioeconomic status. 14 The father's occupation is recorded only for births inside marriage or births outside marriage registered by both parents. It is coded for analysis on a 10% sample of all live births in England and Wales. Parity is recorded only for births inside marriage, but in 2005, around 40% of births of babies of African ethnicity and 70% of births of babies of Caribbean ethnicity occurred outside marriage. 5 The percentage of babies registered by the mother alone was 20.5% in the Caribbean group and 13% in the African group compared with 7% in the white British group. Therefore, marital status, father's socioeconomic status and parity could not be used in our analyses. Studies in the USA have shown lower rates of preterm birth in babies of foreign-born black women compared with those born in the USA. 24e26 This is concordant with the findings in these analyses, but the migration histories of black African women to the USA and UK differ. Furthermore, grouping all black African and Caribbean women together could mask any diversity in birth outcomes.
In an analysis of babies in Canada, a higher risk of preterm birth was associated with time since migration with the most recent migrants having a lower risk than non-migrants, whereas a higher risk was observed for those with longer than 15 years of residence. 27 Length of residency in a receiving country can impact on health behaviours. There is evidence that, for example, Caribbeans born in the UK are more likely to smoke than Caribbeans who have recently migrated. 28 Data from the Millennium Cohort showed that after migration, mothers' health behaviours worsened with their length of stay in the UK. For every additional 5 years spent in the UK, the likelihood of mothers smoking during pregnancy increased by 31%. 29 On the other hand, another analysis of data from the same source pointed to complex inter-relationships and found both positive and negative association with health status, health behaviour and use of healthcare. 30 It could have been that the duration of residence in the UK may have been associated with differences in the rates of low birth weight or preterm birth in some groups of mothers in our analysis, but no data are available at national level to test this.
The favourable results observed in migrant mothers in some analyses have been attributed to a 'Healthy migrant effect'. It has been suggested that there is a selection process in which the healthiest women are most likely to migrate and are less likely to engage in negative health behaviours than the host population. For example, since the 1960s, there has been an increase in the number of Africans travelling to Britain for higher education and technical training. 31 This ties in with selective migration where later migrants could have better socioeconomic circumstances and better health resulting in selection bias compared with the UK-born mothers of the same ethnicity. Nevertheless, information on length of stay/time since migration and maternal health behaviours such as smoking and alcohol intake in relation to pregnancy are not routinely available at a national level. This means that any possible associations between these factors and birth outcomes cannot be assessed.
Substantive conclusions could not be reached for very preterm births and very low birth weight babies due to the small number of babies in these groups for some regions. Data should be combined for larger number of years. In a feasibility study of fetal and infant death in East London, West African women were found to have three times the rate of extremely preterm birth compared with white women. 32 These relatively high rates of very preterm births to West African and Caribbean women contributed to the high rates of infant mortality in the boroughs where they lived. 33 This analysis was restricted to singleton births, as earlier analyses showed that multiple maternity rates varied by mothers' countries of birth, with women born in West Africa and the Caribbean having the highest rates. 6 In conclusion, variations by country of birth were observed in rates of low birth weight and preterm birth within the African and Caribbean ethnic groups. Ethnicity and nativity are important factors associated with perinatal health, but when assessed in isolation can hide important heterogeneity in birth outcomes. The reasons for these differences should be explored further, along with the potential for subdividing the 'African' group. Further work is also needed to assess possible associations between mothers' countries of birth by ethnicity and infant mortality since low birth weight and preterm birth are important factors associated with infant deaths. registrationdNN4B linked data and for releasing outputs; collaborators in the original National Gestational Age Project included in addition to the authors, Lesz Lancucki, formerly Maternity Hospital Episode Statistics, Community Health Statistics and Surveys, NHS Information Centre and Tony Couch, formerly Head of Information Products, Health Solution Wales, now the NHS Wales Informatics Service, who we thank for their help in the earlier stage of the project. We are grateful to Gwyneth Thomas, Health Statistics and Analysis Unit, Welsh Government and Martin Ward Platt, Clinical Director, Regional and Maternity Surveys Office, North East Region for their help and support in this project.
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